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bstract
In this paper, we apply an improved version of Monte Carlo methods to pricing barrier options. This kind of options may match
ith risk hedging needs more closely than standard options. Barrier options behave like a plain vanilla option with one exception.
 zero payoff may occur before expiry, if the option ceases to exist; accordingly, barrier options are cheaper than similar standard
anilla options. We apply a new Monte Carlo method to compute the prices of single and double barrier options written on stocks.
he basic idea of the new method is to use uniformly distributed random numbers and an exit probability in order to perform a robust
stimation of the first time the stock price hits the barrier. Using uniformly distributed random numbers decreases the estimation of
rst hitting time error in comparison with standard Monte Carlo or similar methods. It is numerically shown that the answer of our
ethod is closer to the exact value and the first hitting time error is reduced.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The payoff of a standard European vanilla option
epends on the underlying stock price at the expiry date
nd the strike price. Hereupon, it is usually referred
o as a path-independent option. Barrier options are
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could be some fraction of the premium. Rebates are usu-
ally paid immediately when an option is knocked out.
However, payments can be deferred to the maturity of
the option. The most frequently used standard barrier
options are knock in and knock out options. If the bar-
rier level is touched at any time before maturity, then
the option either comes into existence or ceases to exit
depending on the type of a barrier option i.e. knock in or
knock out. The instant payoff is either the same as for a
vanilla option or zero, respectively. These basic features
of barrier options apply to both call and put options, for
European and American type of options. When the bar-tion of the modified Monte Carlo simulation for evaluate the
0.1016/j.jtusci.2015.02.010
behalf of Taibah University. This is an open access article under the
rier is approached from below, the barrier option is called
an up-option; otherwise, it is called a down-option. One
can identify eight types of European barrier options, such
as down-and-out calls, up-and-out calls, down-and-in
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puts, up-and-in puts, etc. [1]. For example, an up-and-in
call option allocates the option holder the payoff of a
call option if the underlying asset price reaches a higher
barrier level during the option’s life, and it pays off zero
unless the underlying asset price reaches that level. For
an up-and-out call, the option becomes worthless if the
asset price hits higher barrier, and its payoff at expi-
ration is a call otherwise. Following [2,3] in order to
analyze the numerical results, in this paper we focus on
down-and-out call option, particularly.
Since 1967, barrier options have been traded sporad-
ically in the US markets and nowadays are the most
popular class of exotic options. Usually, traders buy or
sell this type of options when they believe that the stock
price would either go up or down, but would not exceed
or become lower than a certain level. Barrier options
are generally cheaper than ordinary vanilla options and
it is one of the reasons that an investor prefers them.
The other reason is that barrier options may match with
risk hedging needs more closely than standard options,
which make them particularly attractive to hedgers in
the financial market. Therefore it is really important to
expand efficient and accurate methods to evaluate barrier
option prices in financial derivative markets.
To evaluate barrier option prices, there are two
major directions. The first approach is the solving
Black–Scholes partial differential equation, see [4,5].
There is a closed-form expression of the correspond-
ing well known Black–Scholes equation whenever the
volatility of the underlying asset is constant, but this
hypothesis is far from being realistic. Merton [5] pro-
vided the first analytical formula for a down-and-out call
option which was developed for all eight types of barri-
ers by Reiner and Rubinstein [6]; see also Haug [7], for
a generalization. However, sometimes it is very difficult
to price barrier options analytically, and one should rely
on numerical approximations as a second approach. For
example, when the underlying dynamics and the con-
tracts are complex or when the underlying asset has
stochastic volatility. Due to their popularity in a mar-
ket, more complicated structures of barrier options have
been studied by some authors. Ikeda and Kunitomo [8],
derived a pricing formula for double barrier options with
curved boundaries as the sum of an infinite series. Geman
and Yor [9], followed a probabilistic approach to derive
the Laplace transform of the double barrier option price.
Pasquali et al. [10], proposed a numerical technique
through a recombining multinomial tree for evaluationPlease cite this article in press as: K. Nouri, B. Abbasi. Implementa
barrier option prices, J. Taibah Univ. Sci. (2015), http://dx.doi.org/
in a stochastic volatility model. Evaluation implies the
use of numerical techniques that can be divided in three
main groups: (a) finite difference methods, (b) Monte
Carlo (MC) simulation, and (c) multinomial trees. Each PRESS
ersity for Science xxx (2015) xxx–xxx
methodology has advantages as well as drawbacks, mak-
ing it useful for some contracts and almost useless for
others [10]. For instance MC methods, due to the their
random nature, are appropriate for studying the obtained
models of random phenomena such as occurrence of
earthquakes, fault system, function of heart and brain,
financial problems and etc. The MC simulation is very
popular and robust numerical method. It is though inher-
ently stochastic and also simple to code but it is not easily
extensible to multiple underlying assets. On the other
hand, one of the main drawbacks of the MC method is
a slow convergence. The order of statistical error of the
MC method is O(1/√M) with M times simulations. In
particular, for continuously monitored barrier options,
the hitting time error is of order O(1/√N) with N times
steps, see [11], while the European vanilla options have
no time discretization error. There have been differ-
ent ideas on how to reduce this first hitting time error.
Dzougoutov et al. in [12], used adaptive mesh near the
barrier to reduce this error; also Metwally and Atiya in
[13] used a Brownian bridge idea for jump-diffusion pro-
cess. In order to efficiently reduce this hitting time error
near the barrier price at each finite time step, inspired by
[14,15], in this study the use of a uniformly distributed
random variable and of a conditional exit probability has
been applied. Numerical results show that the modified
Monte Carlo (MMC) method converges much faster than
the standard MC method. This idea of using exit prob-
ability for stopped diffusion is well known in physics
community, see [14,16].
This paper is organized as follows:
In Section 2, we introduce some concepts of barrier
options and present pricing formula for down-and-out
call option. In Section 3, first, application of standard
MC method and modified Monte Carlo method for pri-
cing down-and-out barrier options is proposed, while
secondly we compare our results with some other meth-
ods. Then, we will use MC and MMC simulations for
pricing double knock-out call option. Also, algorithms
are compared and we propose a way for making bet-
ter our estimation. Finally conclusions of this work are
summarized in Section 4.
2.  Preliminaries  and  basic  concepts
The evolution of the financial asset price can be
written as a stochastic process {St}t∈[0,T ], defined ontion of the modified Monte Carlo simulation for evaluate the
10.1016/j.jtusci.2015.02.010
a suitable probability space (Ω,  F,  P). We consider
the assumptions of the classical Black–Scholes option
pricing model. The price St of the underlying asset
is described by a geometric Brownian motion with a
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onstant expected rate of return μ  > 0, and a constant
olatility σ  > 0, i.e.,
St =  μStdt  +  σStdWt,  (1)
here Wt is a standard Brownian motion process, see
17–19].
Instead of solving Black–Scholes PDE, numerical
pproaches require the compute an expected value of
he discounted terminal payoff under a risk-neutral mea-
ure Q, i.e., μ  = r  in (1), where r  > 0 is a constant risk-less
nterest rate. The barrier option price V(s, t) at a present
ime t  can be computed by
 (s,  t) =  EQ[Λ(Sτ,  τ)|St =  s],  (2)
here Λ(Sτ , τ) is a discounted payoff function and τ  is
he first time which St hits to barrier. To approximate the
ption price in (2), one may apply either lattice meth-
ds or MC methods. For example, for down-and-out call
arrier options, which spot price starts above the barrier
evel (St > B) and has to move down for the option to
ecome null and void, the random variable τ  is defined
y
 =  inf{l  ≥  t : Sl ≤  B},
hile the option has payoff
(Sτ, τ) =
⎧⎪⎪⎨
⎪⎪⎩
e−r(T −t) max(ST −  K,  0),  if Su >  B,  ∀
e−r(τ−t)R,  if τ  <  T,
here K  is a given exercise price at expiration date T, B
s a barrier price, and R  is a prescribed cash rebate.
In down-and-out options, barrier levels are set beneath
he initial underlying asset price, and the option becomes
orthless when the underlying asset price hits the barrier.
Pricing formula for down-and-out call option is (see
20]) ⎧⎪S (Φ(d ) −  b(1 −  Φ(d ))) −  Ke−rT (Φ(d ) −
a  =
(
B
S0
)−
d1 = ln(S0/
d5 = ln(S0/
d2i =  d2i−1Please cite this article in press as: K. Nouri, B. Abbasi. Implementa
barrier option prices, J. Taibah Univ. Sci. (2015), http://dx.doi.org/1
doc =
⎪⎨
⎪⎪⎩
0 1 8 2
S0(Φ(d3) −  b(1 −  Φ(d6))) −  Ke−rT (Φ(d4) − a(1 −,  i.e.  τ =  T,
(3)
 Φ(d ))),  if K  >  B,
Fig. 1. Asset price sample path with the lower and upper curves.
where S0 is the initial stock price, the function Φ(x)
is the cumulative probability distribution function for
a standardized normal distribution, and
σ2)
,  b  =
(
B
S0
)1+(2r/σ2)
,
(r  +  1/2σ2)T
T
,  d3 = ln(S0/B) +  (r  +  1/2σ
2)T
σ
√
T
,
r  −  1/2σ2)T
T
,  d7 = ln(S0K/B
2) −  (r  −  1/2σ2)T
σ
√
T
,
T  ,  i =  1,  2,  3,  4.
Deﬁnition  2.1.  We say a curve is worthless with respect
to the stock price movement over a given time interval if
with probability 1, the path followed by St will not breach
the curve (either from above or from below), over that
time interval.
We are interested in finding the minimum value
Sml(maximum value Smu) of S0 which ensures that the
stock price will not breach the lower(upper) curve before
time T  [21]. Consider Eq. (1) with two continuous curves
Bl(t) and Bu(t) over the time interval I  = [0, T], such that
Bl = Bl(0) < S0 < Bu(0) = Bu (see Fig. 1). Let Plt be thetion of the modified Monte Carlo simulation for evaluate the
0.1016/j.jtusci.2015.02.010
7
 Φ(d5))),  if K  <  B, (4)
 IN+Model
h Univ
V  (s,  t) =  EQ[Λ(Sτ,  τ)|St =  s] = 1
M
M∑
j=1
Vj, (9)ARTICLEJTUSCI-156; No. of Pages 8
4 K. Nouri, B. Abbasi / Journal of Taiba
probability that St > Bl(t), then by Eq. (1) we have
Plt =  Φ(wlt),
with wlt =
(μ  −  (σ2/2))t  +  ln(S0/Bl(t))
σ
√
t
.
It is well known that Φ  is a positive definite increasing
function and convergence of it to 1 is very fast. Denote by
h = h(Φ) the accuracy in a given value of Φ. For simplic-
ity, we may write h(Φ) in the form h(Φ) = 10−m, where
m is the number of significant digits to the right of the
decimal point in Φ. Let ν  be the smallest number for
which the approximation Φ(ν) = 1 holds, that is, such that
Φ(ν) > 1 −  h. For instance for h = 10−3, ν  is 3.090231 and
ν = 4.753424 if h  = 10−6, therefore with accuracy level
consideration to determine h, the parameter ν  is uniquely
determined. We have Plt =  1 if and only if wlt ≥  ν, and
solving this inequality for S0 shows that
Plt =  1 ⇔  S0 ≥  Sl(t)
where
Sl(t) =  Bl(t)e(νσ
√
t−(μ−(σ2/2))t). (5)
Similarly, let Put be the probability that St < Bu(t). Then
we have Put =  (wut ), where
wut =
ln(Bu(t)/S0) −  (μ  −  (σ2/2))t
σ
√
t
,
and using again the fact that Put =  1 if and only if wut ≥
ν, it follows that
Put =  1 ⇔  S0 ≤ Su(t)
where
Su(t) =  Bu(t)e−(νσ
√
t+(μ−(σ2/2))t). (6)
For above results reflection, we have the following the-
orems.
Theorem 2.2.  Let  Sml be  the  maximum  value  of  Sl(t)
and Smu the  minimum  value  of Su(t) over  the  time  interval
I = [0, T].  Then
(a) Sml is  the  minimum  value  of  the  initial  stock  price  S0
above  which  the  curve  Bl(t) becomes  worthless.
(b) Smu is  the  maximum  value  of  the  initial  stock  price
S0 below  which  the  curve  Bu(t) becomes  worthless.Please cite this article in press as: K. Nouri, B. Abbasi. Implementa
barrier option prices, J. Taibah Univ. Sci. (2015), http://dx.doi.org/
Deﬁnition  2.3.  A barrier option of a given type is called
a typical barrier of that type if none of its barriers can
be considered worthless for the corresponding parameter
set. PRESS
ersity for Science xxx (2015) xxx–xxx
Theorem  2.4.  Consider  a  down-and-out  barrier  option
with lower  barrier  Bl(t),  and  a given  parameter  set,
(a) If  S0 ≥  Sml, the  barrier  is  worthless  and  the  option  is
equivalent to  a  vanilla  option  with  the  same  param-
eter set.
(b) The  option  is  a  typical  down-and-out  barrier  option
if and  only  if  S0 < Sml.
The proofs of above theorems and more details are given
in [21].
3.  Application  of  MMC  algorithm
Let us assume that the evolution of the underlying
asset price follows the geometric Brownian motion (1).
From Ito’s formula, the analytic solution satisfies
St =  S0e(r−(σ2/2))t+σWt ,  0 ≤  t  ≤  T, (7)
where r = μ  is the risk-less rate of return, σ  is a con-
stant volatility and Wt is a standard Brownian motion.
The basic idea of the MMC method is to use uniformly
distributed random variables and an exit probability to
robustly estimate the first time that stock price hits
the barrier. In order to generate stock paths by MC
method, we discretize the time interval [0, T] into N uni-
form subinterval, each of length δt  = T/N  as time step
size, by the grid points ti = iδt, i = 0, 1, 2, .  .  ., N. Let
Si =  Sti ,  i = 0,  1,  2,  . .  ., N; so, at each of the grid points
t0, t1, t2, . . ., tN−1, Eq. (7) becomes in explicit recursive
form
Sn+1 =  Sne(r−(σ2/2))δt+σ
√
δtzn , n  =  0,  1,  2,  .  .  ., N  −  1,
(8)
where zn is the standard normal random variable. Repeat-
ing M times MC simulations of the stock price, value
of the discounted terminal payoff Λ(Sτ , τ) and sub-
sequently barrier option price can be approximated as
follows,tion of the modified Monte Carlo simulation for evaluate the
10.1016/j.jtusci.2015.02.010
where Vj, j = 1, . .  ., M, is down-and-out call option payoff
in each MC simulation. But in MMC simulation, after
the simulation of Sn, n  = 1, 2, . .  ., N, by relation (8),
we will compute Pn+1, n  = 0, 1, .  . ., N  −  1, by using the
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Table 1
Comparison of the exact and the MC, MMC approximated values for
down-and-out call option.
M N Standard
MC
MMC Error
MC
Error
MMC
100,000 50 6.0267 6.3064 0.2809 0.0012
100,000 100 6.8212 6.3068 0.5136 0.0008
100,000 200 6.3094 6.3076 0.0018 0.0000
Table 2
The prices of the down-and-out call option calculated with different
methods.
N Binomial Trinomial Standard
MC
MMC
1000 6.3111 6.3152 6.3467 6.2996
2000 6.3109 6.3119 6.3257 6.3105
3000 6.3098 6.3079 6.2940 6.3065
A double barrier option is a combination of two
dependent knock-in or knock-out options. It is obviously
0
0.005
0.01
0.015
0.02
0.025
0.03
Er
ro
rs
 
V−Binomial
V−Trinomial
V−MMC
V−MCARTICLETUSCI-156; No. of Pages 8
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aw of Brownian bridge that gives the following formula
15,22],
n+1 =  P
[
max
t∈[tn,tn+1]
St ≥  B  |  Sn =  s1,  Sn+1 =  s2
]
= exp
(
−2(B  −  s1)(B  −  s2)
σ2s21δt
)
,
n =  0,  1,  .  . ., N  −  1.  (10)
urthermore to approximate hitting event, we generate
 standard uniformly distributed random variable Un,
 = 1, 2, .  .  ., N, and compare it with the exit proba-
ility Pn, n  = 1, 2, .  . ., N, obtained by relation (10). In
own-and-out options a moment before option became
orthless, that means before hitting to barrier, Sn →  B−
nd with Eq. (10) Pn →  1. In the other word Pn will get
ts maximum value. Thus in the uniform and equitable
tate, located Pn in interval (0.5, 1) and Un in (0, 0.5),
.e. Un < Pn follows hitting to barrier, and if Pn belongs
o interval (0, 0.5) and Un ∈  (0.5, 1), i.e. Pn < Un, we
ccept that the continuous path St does not hit to the
arrier and pricing process resume. For more details see
efs. [11,23,24]. Also, to estimate Vj, j  = 1, . .  ., M, we
eplace relation (3) when t = 0 with
j =
{
e−rT max(ST −  K,  0), if Pn <  Un, n  =  1,
0, o.w.
.1.  Down-and-out  call  option
Without loss of generality let us assume that the cash
ebate is zero, i.e., R  = 0. As an example [3], let us con-
ider pricing a down-and-out call option by applying the
bove algorithms (MC and MMC), and compare the dif-
erence between the exact and the approximated values.
or this purpose, according to example of [3], we assume
hat the parameter set are underlying stock price S0 = 100,
he risk free rate r = 0.1, time to maturity T = 0.2, lower
arrier B  = 85, strike price K  = 100, volatility σ  = 0.3 and
umber of simulations M  = 100,000. The exact solution
ith these parameters is Vexact = 6.3076. We apply the
C and MMC simulation algorithms with N  as the num-
er of time steps and compare the difference between
he exact and the approximated values. By observing
esults in Table 1, we see that in MC simulation the
rrors are inevitable and it converges very slowly, and
he MMC method performs more efficiently for pricingPlease cite this article in press as: K. Nouri, B. Abbasi. Implementa
barrier option prices, J. Taibah Univ. Sci. (2015), http://dx.doi.org/1
arrier options.
In Table 2, we see the prices of above down-and-
ut call option, calculated with binomial, trinomial,
tandard MC and MMC(with M  = 1000) techniques [3]., N(St >  B,  ∀  0   t   T ), (11)
5000 6.3084 6.3093 6.3094 6.3075
Also, Fig. 2 shows the errors comparison between these
methods.
3.2.  Double  barrier  optionstion of the modified Monte Carlo simulation for evaluate the
0.1016/j.jtusci.2015.02.010
1000 1300 1600 2000 2300 2600 3,000 3600 4300 5000
Number of Steps
Fig. 2. Errors comparison of the binomial, trinomial, MC and MMC
techniques for pricing the down-and-out call option.
 IN PRESS+Model
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,
ln(STU
= ln(L
 δ2)
,
Table 3
Absolute errors of the MMC algorithm to approximate the double
barrier option price by using uniform distribution U(0, 1).
M N MMC with U(0, 1) Error
100,000 50 3.9896 0.0108
100,000 100 3.9899 0.0105
100,000 200 3.9901 0.0103ARTICLEJTUSCI-156; No. of Pages 8
6 K. Nouri, B. Abbasi / Journal of Taiba
cheaper than its equivalent single barrier and subse-
quently vanilla counterparty. This is because it has
double risk of being knocked out, or of not being knocked
in. One of barriers is set above the price of the underly-
ing asset, and one other is set below it. The underlying
asset must only cross one of the barriers, either the lower
boundary Lt or the upper boundary Ut to be deacti-
vated(activated) for knock-out (knock-in) options.
The price of a double knock-in call is equal to the
price of a portfolio consisting of a long standard call and
a short double knock-out call, with identical strikes and
time to expiration. Similarly, a double knock-in put is
equal to a long standard put and a short double knock-
out put. Double barrier options can be priced using the
Ikeda and Kunitomo formula [8].
3.2.1.  Double  knock-out  call  option  price
The payoff at expiry for a given knock-out double
barrier call option by known parameter set, is
Λ  =
⎧⎪⎨
⎪⎩
max(ST −  K,  0),  if Lt <  St <  Ut before T
0, else,
and analytical pricing formula as follows [7,25].
Cdko(ST , T )
= ST e(b−r)T
+∞∑
n=−∞
{(
UnT
LnT
)μ1n(
LT
ST
)μ2n
[N(d1n) − N(d2n)]
−
(
Ln+1T
UnT ST
)μ3n
[N(d3n) − N(d4n)]
}
− Ke−rT
+∞∑
n=−∞
{(
UnT
LnT
)μ1n−2(
LT
ST
)μ2n
× [N(d1n − σ
√
T ) − N(d2n − σ
√
T )]
−
(
Ln+1T
UnT ST
)μ3n−2
[N(d3n − σ
√
T ) − N(d4n − σ
√
T )]
}
,
where
d1n = ln(STU
2n
T /KL
2n
T ) +  (b  +  (σ2/2))T
σ
√
T
,  d2n =
d3n = ln(L
2n+2
T /KSTU
2n
T ) +  (b  +  (σ2/2))T
σ
√
T
,  d4n
μ = 2[b −  δ2 −  n(δ1 −  δ2)] +  1,  μ =  2n (δ1 −Please cite this article in press as: K. Nouri, B. Abbasi. Implementa
barrier option prices, J. Taibah Univ. Sci. (2015), http://dx.doi.org/
1n
σ2
2n
σ2
μ3n = 2[b −  δ2 +  n(δ1 −  δ2)]
σ2
+  1,  F  =  UT eδ1T .2n
T /FL
2n
T ) +  (b  +  (σ2/2))T
σ
√
T
,
2n+2
T /FSTU
2n
T ) +  (b  +  (σ2/2))T
σ
√
T
,
100,000 400 3.9902 0.0102
100,000 800 3.9906 0.0098
Also b  = μ  −  r and δ1, δ2 determine the curvature Lt and
Ut, respectively; so they are zero corresponding to flat
boundaries.
Theorem 3.1.  Consider  a  double  barrier  option  with
lower barrier  Bl(t) and  upper  barrier  Bu(t),  and  a  ﬁxed
parameter set.
(a) If  S0 < Sml, Smu, the  option  degenerates  into  a  down-
and-out  barrier  option.
(b) If  Sml, Smu < S0, the  option  degenerates  into  an  up-
and-out barrier  option.
(c) The  option  is  equivalent  to  the  vanilla  option  with
the same  parameter  set  if  and  only  if  Sml ≤  S0 ≤  Smu.
(d) The  option  is  a  typical  double  barrier  option  if  and
only if  Smu < S0 < Sml.
For proof see [21].
In this case for implementation of the MMC method,
we compute two exit probabilities PLn and PUn , n  = 1,
2, . .  ., N, for down and up barriers. Also we let Ln =
Ltn,  Un =  Utn,  n  =  0,  1,  . .  ., N,  and check the follow-
ing criteria
Ln <  Sn,  Sn <  Un,  for n  =  0,  1,  . .  ., N; and
PLn <  U
L
n ,  P
U
n <  U
U
n for n  =  1,  2,  .  . ., N,
otherwise, the option will be obviously worthless.
In order to demonstrate the effectiveness of the above
proposed algorithm, we present an example. We use the
parameters which the present asset price is S0 = 100,
the exercise price K  = 100, the barrier prices Lt = L  = 70;tion of the modified Monte Carlo simulation for evaluate the
10.1016/j.jtusci.2015.02.010
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Table 4
Absolute errors of the MMC algorithm to approximate the double
barrier option price by using uniform distribution U(0.5, 1).
M N MMC with
U(0.5, 1)
Error
100,000 50 3.9916 0.0088
100,000 100 3.9942 0.0062
100,000 200 3.9963 0.0041
100,000 400 3.9972 0.0032
100,000 800 3.9993 0.0011
Table 5
Comparison of different methods to evaluation double barrier option.
Fourier Cox MMC with
U(0, 1)
MMC with
U(0.5, 1)
0.923 0.937 0.5465 0.6163
U
t
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t
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b
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i
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o
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a
m
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t
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i
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d
[
[
[
[t = U  = 130, the riskless interest rate r  = 0.1, the expira-
ion date is 6 months, the volatility σ  = 0.25 and naturally
1=δ2=0. Double barrier call option can be computed
y using analytical formula. The fair option price with
he above parameters is Vexact = 4.0004. We apply the
MC simulation algorithm and compare the difference
etween the exact and approximated values. By observ-
ng results in Table 3, we see that our method converges
lowly.
In double barrier options the hitting event is rare to
ccur and we check hitting to barrier by comparison of
n and Un. So if selection of Un be of the second half of
nterval (0, 1), that means (0.5, 1), probability of Pn < Un
s greater than of when select Un is through of interval
0, 1). In addition our aim is hitting less to the barrier, so
t’s more eligible to select random numbers of U(0.5, 1).
ogically for numerous barriers choosing random num-
ers of U(0, 0.5) is more eligible. The numerical results
btained from the combined MMC method with the idea
f choosing a random number of U(0.5, 1), are given in
able 4. This table indicates that hybrid approach is better
nd produces smaller approximation error.
Finally, in order to compare the efficiency of MMC
lgorithm for pricing double barrier options with other
ethods, let us consider another contract with risk free
ate 0.05, spot value S  = 100, strike price 100, volatility
.1, Lt = 90, Ut = 110, time steps N  = 100 and the expira-
ion date 1 year [2]. The fair option price with the abovePlease cite this article in press as: K. Nouri, B. Abbasi. Implementa
barrier option prices, J. Taibah Univ. Sci. (2015), http://dx.doi.org/1
arameters is Vexact = 0.6564. Comparison of the approx-
mated values with MMC simulation (M  = 10,000) and
ourier method and Cox approach [2], for pricing above
ouble barrier option are given in Table 5.
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4.  Conclusion
In this paper, we have considered standard Monte
Carlo methods and its modified version to price bar-
rier and double barrier options. Implementation of a new
MC method has been proposed and improved in order
to correctly compute the first hitting time of the barrier
price by the underlying asset. We compared the accuracy
of the standard Monte Carlo and modified Monte Carlo
algorithms. The approximate error of the new method
converges much faster than the standard MC method.
Our future work will be devoted to extend this idea for
other types of options and also theoretically to study the
rate of convergence of the approximate errors.
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